or parylene micro chambers, we found that the polymerized actin bundles followed the geometry of chambers, and then formed several shapes, such as circles, rods, triangles or squares. Since the bundled actins still have motility, we believe this technique is useful for forming a desired pattern of bio-molecular motors toward the actuation of MEMS/NEMS devices.
INTRODUCTION
Recently, shape control of biological elements has been attracting attention in MEMS/NEMS research fields (e.g. shape transformation of DNA [2] and bacteria [3] ). By microtubules by electrical steering [5] . We have previously reported the transportation of nano particle using actin and myosin in MEMS2006 [6] . However, their use has been limited in linear motions, and most of the experiments were performed in straight micro channels. It is difficult to realize a complicated path in micrometer scale with the top-down approach.
Thus, it is useful to constract the rail proteins in desired shapes by self-assembly to achieve a designed motion of motor proteins along them. With this approach the system is expected to become simpler and smaller. For example, with the actin flament in a ring shape, it will be possible to realize rotational motion in the MEMS device. Here, we report the preliminary results of controlling the shape of actin-bundles in micro-sized chambers. Figure 1 illustrates the self-assembly of actin bundles in the micro chamber. After confinement in micro chambers, G-actin polymerizes in buffer containing KCl and forms actin filaments (Fig.1 b) .
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MATERIALS AND METHODS
Experimental procedure is shown in Fig. 2 .
First, we prepared a master mold made with SU-8 photoresist (MICRO CHEM TM ) on a silicon wafer by photolithography (Fig. 2a) . Next, we poured and solidified PDMS on the mold and peeled off (Fig. 2b) .
We fabricated chambers in circular and square shape as shown in Figure 3 . The circular chambers were 7 µm in diameter and 5 µm depth. This size was chosen because the typical length of actin bundles polymerized is about 5-15 µm. The square chambers were 10 µm sides and 5 µm depth. Then, we poured solution containing G-actin, Rhodamine-Pharoidin (fluorescent protein), fascin and KCl over the PDMS chamber (Fig. 2c) , and put a cover glass (Fig. 2d) . The concentration of G-actin has to be above the critical concentration, since they will depolymerize at lower concentration. Then, by applying a pressure we made the PDMS chamber and cover glass stick together in order to confine the proteins and solution. After polymerization (about 30 minutes), we observed the micro chambers with a fluorescent microscopy. (Fig. 5a ). When polymerized in circular chambers, actin bundles formed in surprisingly uniform ring shape as shown in Figure 5 (b).
RESULTS AND DISCUSSION
Interestingly, in some area of the circular micro chamber array we also found unique shapes, such as several bundles crossing across the chamber (Fig. 5c) , and single uniform bundles lining up in each chamber in an ordered fashion (Fig. 5d) . Note that these unexpected shapes are also uniform in the neighboring area. In the square chambers, rectangle and triangle shapes were observed (Fig. 5e, 5f ).
As above, we could get several types of shape controlled actin bundles. We guess the concentration ratio of actin and fascin or the sealing pressure affect the polymerization of actin in the chamber, although we have not elucidated the critical parameters that determine the shape of actin being ring or rod or square yet.
To utilize the actin bundles for the driving units of MEMS devices, it is necessary to release and retrieve them from the PDMS chambers. We first tried to release by manual pipetting, but the structures easily broke because the actin bundles are very fragile; they can break with vortexing or centrifugation.
To avoid this problem, we think parylene can be a good material for making the micro chambers.
The parylene layer on glass can be easily peeled off as we have reported in MEMS2006 [6] . After peeling off the parylene chamber from a glass substrate, actin rings may remain on the glass and we can easily treat them for myosin assay. 
CONCLUSIONS
We succeeded in confining actin monomers to micro chambers and polymerizing them that follow the shape of chambers. In the circular chamber, round shaped actin like rings and rod-like actin bundles were observed. In the square chamber, square shaped actin and triangle shaped actin were observed. These shaped actin bundles in micro chambers can be utilized for nano/micro structures. For example, actin rings may be used for micro rotary actuators, and uniform actin rods may be used for bio-nano tags for the visualization of single molecules [7] . In addition, these results are interesting not only in the MEMS field but also in the biophysics, these techniques may help understanding the mechanism of the cytoskeleton.
Future works will be focused on investigating the proper concentration ratio of actin and fascin and sealing pressure to acquire desired shape of actin bundles. We believe these techniques can be applied for transportation or actuation system of biohybrid MEMS/NEMS devices.
